This study tested whether a novel concurrent pictorial choice procedure, inspired by animal selfadministration models, is sensitive to the motivational effect of negative mood induction on alcoholseeking in hazardous drinkers. Forty-eight hazardous drinkers (scoring Ն7 on the Alcohol Use Disorders Inventory) recruited from the community completed measures of alcohol dependence, depression, and drinking coping motives. Baseline alcohol-seeking was measured by percent choice to enlarge alcoholversus food-related thumbnail images in two alternative forced-choice trials. Negative and positive mood was then induced in succession by means of self-referential affective statements and music, and percent alcohol choice was measured after each induction in the same way as baseline. Baseline alcohol choice correlated with alcohol dependence severity, r ϭ .42, p ϭ .003, drinking coping motives (in two questionnaires, r ϭ .33, p ϭ .02 and r ϭ .46, p ϭ .001), and depression symptoms, r ϭ .31, p ϭ .03. Alcohol choice was increased by negative mood over baseline (p Ͻ .001, p 2 ϭ .280), and matched baseline following positive mood (p ϭ .54, p 2 ϭ .008). The negative mood-induced increase in alcohol choice was not related to gender, alcohol dependence, drinking to cope, or depression symptoms (ps Ն .37). The concurrent pictorial choice measure is a sensitive index of the relative value of alcohol, and provides an accessible experimental model to study negative mood-induced relapse mechanisms in hazardous drinkers.
Negative reinforcement models of addiction propose that negative states, such as withdrawal and negative affect, strongly motivate drug-seeking behavior to remove or ameliorate these states (Koob, 2013) . The significance of negative affect as a motivator of alcohol use is borne out by the finding that alcoholdependent individuals retrospectively attribute negative mood as their reason for relapsing more frequently than any other (Brown et al., 1990; Hodgins, el-Guebaly, & Armstrong, 1995; Marlatt, 1996; Strowig, 2000) . Furthermore, experimental studies have shown that induction of acute negative mood reliably promotes alcohol-seeking behavior, as indexed by increased subjective craving, preferential choice, willingness to spend, consumption, and cognitive bias (Birch et al., 2004; Cooney, Litt, Morse, Bauer, & Gaupp, 1997; Cyders et al., 2016; Kelly, Masterman, & Young, 2011; Litt, Cooney, Kadden, & Gaupp, 1990; Rousseau, Irons, & Correia, 2011; Rubonis et al., 1994; Willner, Field, Pitts, & Reeve, 1998; Zack, Poulos, Fragopoulos, & MacLeod, 2003; Zack, Poulos, Fragopoulos, Woodford, & MacLeod, 2006; Zack, Toneatto, & MacLeod, 1999) . Critically, sensitivity to negative moodinduced alcohol craving predicts relapse in dependent drinkers even after controlling other relevant predictor variables (Brady et al., 2006; Cooney et al., 1997; Higley et al., 2011; Sinha et al., 2011) . Therefore, treatments that reduce negative-mood-induced alcohol seeking may promote abstinence after quitting.
Various negative mood induction procedures have been used to motivate alcohol-seeking behavior including sad music (Birch et al., 2004; Kelly et al., 2011; Willner et al., 1998) , the presentation of negative words or phrases (Zack et al., 1999 (Zack et al., , 2003 (Zack et al., , 2006 , and guided imagery where participants describe a key negative affectrelated drinking trigger (Cooney et al., 1997; Rubonis et al., 1994) or negative autobiographical memories (Cyders et al., 2016; Litt et al., 1990; Rousseau et al., 2011) , which are scripted for rereading at test. The current study used a combination of self-referential negative statements (Velten, 1968) , such as "I do not think things are ever going to get better," plus musical mood induction (Martin, 1990 ) because this combination is more effective than either alone (Zhang, Yu, & Barrett, 2014) , and this method is more time efficient than guided imagery.
Various methods have also been used to measure the increase in alcohol-seeking prompted by negative mood induction, including intranasal alcohol self-administration (Cyders et al., 2016) , free alcohol consumption (Cyders et al., 2016; Magrys & Olmstead, 2015; McGrath, Jones, & Field, 2016; Pratt & Davidson, 2009; Zack et al., 2006) , economic demand/willingness to pay (Amlung & MacKillop, 2014; Owens, Ray, & MacKillop, 2014; Rousseau et al., 2011) , and willingness to work for alcohol (Willner & Jones, 1996) , alcohol relief expectancies (Birch et al., 2004) , alcohol craving (Brady et al., 2006; Cooney et al., 1997; Field & Powell, 2007; Litt et al., 1990; Pratt & Davidson, 2009; Rubonis et al., 1994; Willner & Jones, 1996) , and alcohol cognitive bias (Austin & Smith, 2008; Field & Powell, 2007; Field & Quigley, 2009; Grant, Stewart, & Birch, 2007; Kelly et al., 2011; Potthast, Neuner, & Catani, 2015; Woud, Becker, Rinck, & Salemink, 2015; Zack et al., 1999 Zack et al., , 2003 Zack et al., , 2006 .
The key innovation of the current study was to test a novel concurrent pictorial choice procedure in which participants chose to enlarge alcohol-versus food-related thumbnail images in twoalternative forced choice trials. This method was chosen because previous studies have shown that preferential choice to enlarge cocaine versus control images is associated with cocaine use frequency (Moeller et al., 2009 (Moeller et al., , 2013 , and preference to enlarge tobacco over food images is increased by mood induction and withdrawal (Hogarth, Mathew, & Hitsman, 2017) . Furthermore, related choice procedures have demonstrated the sensitivity of alcohol choice to taste aversion learning (Rose, Brown, Field, & Hogarth, 2013) , and the sensitivity of tobacco choice to mood induction , alternative reinforcer value (Stoops, Poole, Vansickel, & Rush, 2011) , acute satiety (Hogarth & Chase, 2011) , nicotine replacement pharmacotherapy (Hogarth, 2012) , and tobacco dependence severity (Hogarth, 2012; Hogarth & Chase, 2011 , 2012 . Finally, in animals, two-alternative selfadministration models have revealed the sensitivity of drug choice to a wide range of manipulations of drug value (Ahmed, 2010; Moeller & Stoops, 2015; Nader & Woolverton, 1991; Nader & Woolverton, 1992; Panlilio, Hogarth, & Shoaib, 2015) .
The current study tested whether a negative mood induction procedure combining self-referential negative statements and sad music would augment percent alcohol choice in a concurrent pictorial choice procedure in hazardous drinkers. Forty-eight hazardous drinkers completed questionnaires of alcohol dependence, drinking coping motives, and depression symptoms. Baseline alcohol-seeking was measured by percent choice to enlarge alcohol-versus food-related thumbnail images in two-alternative forced choice trials. Negative and then positive moods were induced by affective statements and music, and concurrent pictorial alcohol choice was measured after each induction procedure. Subjective mood was measured to validate each induction procedure. The key prediction was that percent alcohol choice would increase following negative mood induction and decrease following positive mood induction, validating this method as a model of negative mood-induced relapse in hazardous drinkers. Secondary analysis examined whether baseline alcohol choice, and negative mood-induced alcohol choice, differed between males and females (Cyders et al., 2016; Rubonis et al., 1994; Willner et al., 1998) , or varied with drinking coping motives (e.g., Field & Quigley, 2009) or depression symptoms (Hogarth et al., 2017) , as suggested by previous studies.
Method Participants
Participants were 48 adults from the community who responded to online adverts. All participants answered yes when asked if they regularly drank more alcohol per week than specified by U.K. guidelines (21 units for men, 14 for women), and reported an Alcohol Use Disorders Inventory (AUDIT) total score above the hazardous threshold of Ն7 (Babor, Higgins-Biddle, Saunders, & Monteiro, 2001) . Participants were recompensed with £15. Ethical approval was obtained from the University of Exeter Research Ethics Committee.
Questionnaires
Breath alcohol was recorded with an AlcoSense Lite before questionnaires were administered. Questionnaires were as follows: (a) the Alcohol Use Disorders Inventory Test (AUDIT; Babor et al., 2001 ). The total score (range 0 -40) was used to index alcohol use and associated problems. Questions 1 to 3 were used to quantify alcohol consumption: drinking days per week, drinks per drinking day, and binge drinking frequency, respectively; (b) the Reasons for Drinking Questionnaire (RFDQ (Zywiak, Connors, Maisto, & Westerberg, 1996) , from which the negative coping subscale was examined. This subscale includes 7 items which ask participants to assess how important different reasons for drinking are for their own consumption, including sadness, anger, frustration, anxiety, tension, illness, and relationship difficulties, measured on a 0 -10 scale ranging from "not at all important" to "very important"; and (c) the Drinking Motives Questionnaire Revised (DMQ-R; Cooper, 1994) , from which the negative coping subscale was examined; this subscale contains 5 items which ask participants to assess how frequently their drinking is motivated by each listed reason-including worries, depression/nervousness, bad mood, to build confidence, and to forget problems-rated on a 1-5 scale ranging from almost never to almost always; and (d) Beck's Depression Inventory IA, used to record depression symptoms (BDI; Beck, Steer, Ball, & Ranieri, 1996) .
Baseline Alcohol Choice
Instructions stated, "In this task you can choose to view images of alcohol and food using the left and right arrow keys. Press the space bar to begin. As shown in Figure 1A , each trial presented a pair of thumbnail images, one alcohol-and one food-related randomly in the left and right position, which remained until the left or right arrow key was chosen. This enlarged the chosen image, This document is copyrighted by the American Psychological Association or one of its allied publishers.
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which remained alone on screen for 2 seconds. Thirty-two baseline trials randomly sampled from a set of 28 alcohol images (including beer, wine, and spirits) and 28 food images (all typical U.K. dinners).
Negative Mood Induction
Instructions then requested careful attention to statements, and sad music (Barber's Adagio for Strings) began playing through headphones (Morrison & O'Connor, 2008) . There followed 16 trials in which 16 Velten self-referential negative statements (e.g., "I do not think things are ever going to get better" -for a full list see Hogarth et al., 2015) were presented in random order for 10 seconds each.
Negative Test Phase
Instructions stated, "You can now view alcohol and food pictures in the same way as before. Press the space bar to continue." There were 64 test trials each containing a negative statement randomly sampled from the set of 16 and presented for 3 seconds, before an alcohol/food image choice was made in identical fashion to baseline.
Positive Mood Induction
Instructions requested careful attention to statements, then happy music (Mozart's Eine Kleine Nachtmusik) began playing through headphones (Morrison & O'Connor, 2008) . There followed 16 trials in which 16 positive statements (e.g., "I feel At baseline, alcohol choice was measured by preference to select for enlargement alcohol versus foodrelated thumbnail images in two-alternative forced choice trials. Negative mood was then induced by depressive statements and music (Barber's Adagio for Strings) before alcohol choice was tested again in the same way. Positive mood was then induced by positive statements and music (Mozart's Eine Kleine Nachtmusik) before alcohol choice was tested again in the same way. Subjective mood was reported on a 1-9 scale from 1 ϭ happy, 5 ϭ neutral, to 9 ϭ sad between each successive stage of the procedure. The key question was whether negative mood would increase percent alcohol choice relative to baseline and the positive condition, validating this experimental model of mood-induced alcohol-seeking in hazardous drinkers. B: Subjective mood during the baseline and negative and positive mood induction blocks, separated by gender. Results indicate that negative mood increased sadness and positive mood induction increased happiness, relative to baseline, and there were no gender effects or interactions. C: Percent alcohol versus food choice in the baseline and negative and positive mood induction blocks separated by gender. Results indicated that negative mood induction increased alcohol choice relative to the baseline, positive mood induction returned alcohol choice to baseline, and there were no gender effects or interactions. See the online article for the color version of this figure.
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cheerful and lively"-for a full list see Hogarth et al., 2015) were presented once each in random order for 10 seconds.
Positive Test Phase
Instructions stated, "You can now view alcohol and food pictures in the same way as before. Press the space bar to continue." There were 64 test trials, identical to the negative test phase, except that each trial contained a positive statement randomly sampled from the set of 16.
Subjective Mood Measures
Subjective mood was measured by the on-screen question "How do you currently feel?", and a 9-point Likert scale ranging from 1 ϭ happy, 5 ϭ neutral, to 9 ϭ sad. This measure was obtained after each phase of the design, as shown in Figure 1 . The mood scores after the induction and test phases were averaged for negative and positive phases, to create three scores reflecting mood at baseline, in the negative induction/test phase, and in the positive induction/test phase.
Analytical Plan
Subjective mood scores were entered into a mixed ANOVA with the within-subjects variable block (baseline, negative, positive) and the between-subjects variable gender (male, female) to validate the induction procedures. Percent choice of alcohol over food was also calculated from baseline and negative and positive trials (Ͼ50% ϭ preference for alcohol, Ͻ50% ϭ preference for food) and entered into a mixed ANOVA with the within-subjects variable block (baseline, negative, positive) and the betweensubjects variable gender to determine whether alcohol choice was sensitive to mood induction. Pearson correlations were used to examine the association between baseline percent alcohol choice, the negative mood-induced increase in alcohol choice (from baseline to negative block), and the questionnaire variables AUDIT, RFDQ and DMQ-R negative coping, and BDI. Table 1 shows the characteristics of participants, divided by gender. There were no significant differences between males and females in these measures. AUDIT questions one to three were used to characterize level of alcohol consumption. The sample means of 3.3 for AUDIT Q1, 2.1 for Q2, and 2.7 for Q3 indicate that the sample, on average, drank two or three times a week, drank five to six drinks on these occasions, and had a binge drinking session between monthly and weekly.
Results

Participants
Subjective Mood
ANOVA with subjective mood data shown in Figure 1B produced a significant main effect of block, F(2, 92) ϭ 37. ϭ .537. Finally, t tests comparing each mood score against the "neutral" value of 5 indicated that baseline was not significantly different, t(47) ϭ Ϫ.97, p ϭ .34, whereas mood in the negative block was significantly greater than 5 (i.e., toward the "sad" end of the scale), t(47) ϭ 4.49, p Ͻ .001, and mood in the positive block was significantly less than 5 (i.e., toward the "happy" end of the scale), t(47) ϭ Ϫ4.56, p Ͻ .001. Thus, the mood induction procedures produced the expected shift in subjective mood state, and there were no differences in this effect between males and females.
Alcohol Choice
ANOVA with the alcohol choice scores shown in Figure 1C  produced To determine whether the changes in alcohol choice across blocks were driven by time order effects or mood induction, each block was segmented into quarters. Percent alcohol choice remained stable across quarters of the baseline block (44.5, 44.0, 40.6, and 43.5, respectively), increased stepwise and remained stable across quarters of the negative test (56.1, 52.6, 51.8, and 53.9, respectively), and then decreased stepwise and remained stable across quarters of the positive test (41.4, 42.1, 43.1, and Table 2 shows the correlation coefficients between baseline alcohol choice, negative mood-induced alcohol choice (increase in alcohol choice from the baseline and negative block), questionnaire scales, and subjective negative mood reactivity (increase in sadness from baseline to negative block). Baseline alcohol choice was significantly correlated with AUDIT, RFDQ and DMQ-R negative coping scales, and BDI. Negative mood-induced alcohol choice did not correlate with any variable. Finally, neither percent alcohol choice measured in the positive mood induction block, nor the decreases in alcohol choice between positive versus negative blocks correlated significantly with any of the questionnaire measures, rs Ͻ .25, ps Ͼ .08 (not shown in Table 2 ).
Correlations Between Alcohol Choice and Questionnaire Scales
Discussion
The first key finding of the study was that greater choice of alcohol versus food images in the baseline block correlated with AUDIT, drinking coping motives, and depression symptoms. One interpretation of these relationships is that the concurrent pictorial choice procedure indexes the relative value of alcohol (Murphy, Correia, Colby, & Vuchinich, 2005) , and that hazardous drinkers who report higher AUDIT, drinking coping motives, or depression symptoms ascribe greater relative value to alcohol over alternative rewards. In support of this claim, two earlier studies have similarly found that cocaine choice in the concurrent pictorial choice procedure was associated with cocaine use frequency (Moeller et al., 2009 (Moeller et al., , 2013 , suggesting that the measure provides a valid index of drug value in different drug user groups. The second key finding was that the negative and positive mood induction procedures were effective in shifting subjective mood state toward sadness and happiness respectively, as anticipated. However, the most important finding was that alcohol choice increased following negative mood induction and retuned to baseline following positive mood induction, suggesting that the concurrent pictorial choice measure is sensitive to the motivational effect of negative mood induction on the relative value of alcohol. What is more, the effect of negative mood induction on alcohol choice relative to baseline was large ( p 2 ϭ .280). Smokers with diagnosed current major depression have shown an even larger effect ( p 2 ϭ .782) of negative mood induction on tobacco choice in the concurrent pictorial choice task (Hogarth et al., 2017) . Thus, the concurrent pictorial choice measure offers a sensitive, accessible, and clinically useful method for studying negative mood-induced relapse processes in hazardous drinkers, and is considerably simpler than existing models designed for this purpose (Brady et al., 2006; Cooney et al., 1997; Higley et al., 2011; Sinha et al., 2011) . This document is copyrighted by the American Psychological Association or one of its allied publishers. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
The negative mood-induced increase in alcohol choice was comparable in magnitude, and not statistically different, in males and females, suggesting that published mixed findings of this sort might be discounted (Cyders et al., 2016; Rubonis et al., 1994; Willner et al., 1998) . More troubling is that negative moodinduced alcohol choice did not correlate with drinking coping motives, in contrast to several studies that have reported this association. It is important to note, however, that all these studies used undergraduate student samples (Austin & Smith, 2008; Birch et al., 2004; Field & Powell, 2007; Field & Quigley, 2009; Grant et al., 2007; Rousseau et al., 2011; Woud et al., 2015; Zack et al., 2003) , apart from one which used alcoholic males (Cooney et al., 1997) . One possible explanation is that the relationship between negative mood-induced alcohol choice and drinking coping motives is nonlinear, and approaches asymptote at higher levels of coping, making a correlation harder to detect in hazardous drinkers compared to students. Finally, negative mood-induced alcohol choice did not correlate with depression symptoms. This contradicts our previous finding that smokers with major depression (compared to smokers without) were more sensitive to negative mood-induced tobacco choice in a procedure similar to the present one (Hogarth et al., 2017) . Given the existing weak evidence that negative mood-induced alcohol choice increases with depression symptoms (Cooney et al., 1997; Owens et al., 2014) , a study is needed to sample drinkers across the depression continuum to achieve sufficient power to determine if such an association does exist.
One limitation of the study was that negative and positive blocks were experienced in the same sequential order by all participants, rather than counterbalanced. This means that changes in alcohol choice could have been driven by mood induction procedures or by time variables such as sensitization or habituation to stimuli, or task disengagement. Additional analyses, however, revealed that alcohol choice changed as a step-function immediately following negative and positive mood induction, and did not change significantly across quarters within each block. This suggests that changes in alcohol choice were driven by the mood induction procedures rather than time variables. One uncertain interpretation remains, however. It is not clear whether positive mood induction actively returned alcohol choice to baseline, or whether the return to baseline was due to the termination of the negative mood induction procedure. However, the majority of mood induction studies are designed such that there is a gap between negative mood induction and the test of alcohol self-administration, consumption, demand or craving, indicating that the negative mood induction effect persists for some time. It seems likely, therefore, that the positive mood induction actively opposed negative mood induction to return alcohol choice to baseline rapidly. If this interpretation is correct, the current model could be used to test mood management interventions or antidepressant pharmacotherapy as protective agents against negative mood-induced alcohol relapse (Hesse, 2009) . However, further studies are needed in which positive, negative, and neutral induction procedures are counterbalanced to determine whether positive mood induction can in fact oppose negative mood induction, and whether positive mood induction can reduce alcohol choice below baseline when tested in isolation.
There also remains uncertainty about whether the changes in alcohol choice were driven by the self-referential mood relevant statements, the music, or both. Previous studies have shown that sad music alone (Birch et al., 2004; Kelly et al., 2011; Willner et al., 1998) and negative statements alone (Zack et al., 1999 (Zack et al., , 2003 (Zack et al., , 2006 can produce changes in alcohol-seeking and subjective mood. However, the specific musical pieces and textual statements employed in the current study (derived from Morrison & O'Connor, 2008) have not been tested in isolation, and therefore their independent effects on alcohol choice remain unclear. More generally, future studies should explore different induction procedures that evoke specific emotional states so as to better isolate the affective states that most effectively drive alcohol choice, so these might be modeled and targeted therapeutically.
Finally, the magnitude of the mood induction effects is worthy of note. Compared to baseline, negative mood induction increased subjective negative mood by an average of 1.4 points on a 1-9 scale, which is comparable to previous publications (e.g., Morrison & O'Connor, 2008) and suggests that the negative mood induction procedure was mild, conforming to ethical requirements. The negative mood induction procedure increased alcohol choice by an average of 10.4% on a 0%-100% scale. Although this effect size was large, the numerical change observed may have been limited by the high value of food (baseline alcohol choice was 43% overall) and the possibility of a negative mood-induced increase in food choice in restrained eaters (Cardi, Leppanen, & Treasure, 2015) . Consequently, the negative mood induction effect might be increased in future studies by using lower value non-food images as the alternative choice.
To conclude, this study found, in hazardous drinkers, that a novel concurrent pictorial choice measure was sensitive to individual differences in the relative value of alcohol, and to the motivational effect of negative mood induction. This concurrent pictorial choice measure offers a sensitive and accessible method for studying the mechanisms of negative mood-induced relapse processes in hazardous drinkers, and may be useful in the development of new targeted treatments.
